Although there have been attempts to make clinical± MRI correlation in patients with lateral medullary infarction (LMI), studies with a large number of patients are unavailable. In this study, clinical features, MRI ®ndings and angiogram results of 130 acute, consecutive patients with pure LMI were studied and correlated. MRI-identi®ed lesions were classi®ed rostrocaudally as rostral, middle and caudal, and horizontally as typical, ventral, large, lateral and dorsal. The distribution of horizontal subtypes was signi®cantly different (P <0.001) among three rostro-caudal lesions in that rostral lesions tend to be ventral types and caudal lesions are lateral types. Patients with rostrally located lesions had dysphagia, facial paresis (P < 0.01, each) and dysarthria (P < 0.05) signi®cantly more often, and severe gait ataxia and headache (P < 0.05, each) less often than those with caudal lesions. The frequencies of dysphagia (P < 0.01), dysarthria (P < 0.01) and bilateral trigeminal sensory pattern (P < 0.05) were signi®cantly different among horizontal subtypes in that these symptoms were frequent in patients with`large type' as compared with those with lateral type lesions. Angiograms performed in 123 patients showed vertebral artery (VA) disease in 67% and posterior inferior cerebellar artery (PICA) disease in 10%. The presumed pathogenetic mechanisms included large vessel infarction in 50%, arterial dissection in 15%, small vessel infarction in 13% and cardiac embolism in 5%. Dissection occurred more often in patients with caudal (versus rostral) lesions (P < 0.01), whereas dorsal type infarcts (versus other types) were related more often to cardiogenic embolism and normal angiogram ®ndings (P < 0.05, each). Patients with isolated PICA disease (versus those with VA disease) more often had cardiogenic embolism (P < 0.05) and less often had dissection (P < 0.01). It is concluded that rostro-caudal and horizontal classi®ca-tion of MRI helps us to understand the clinical and, partly, the aetiopathogenetic aspect of the heterogeneous LMI syndrome.
Introduction
Since the ®rst description of Wallenberg's syndrome >100 years ago (Wallenberg, 1895 (Wallenberg, , 1901 , clinical (Merritt and Finland, 1930; Lewis et al., 1952; Peterman and Siekert, 1960; Currier et al., 1961; Grant, 1966; Ho Èrnsten, 1974; Norrving and Cronqvist, 1991) and pathological (Merritt and Finland, 1953; Fisher et al., 1961; Gillilan, 1964) ®ndings of lateral medullary infarction (LMI) have been reported occasionally. However, pre-mortem lesion identi®cation became possible only after MRI was introduced (Bogousslavsky et al., 1986; Ross et al., 1986) . LMI syndrome. Therefore, a larger study using pure LMI patients based on MRI data is required.
In the present study, 130 consecutive LMI patients were studied in whom MRI showed appropriate lesions in the lateral medulla but not in the cerebellum. Clinical, MRI ®ndings and aetiopathogenesis were studied and correlated.
Subjects and methods
Between March 1994 and February 2002, I examined 222 consecutive patients at the Asan Medical Center who were suspected of having LMI; they had at least two of the following symptoms/signs: sudden vertigo, nausea/vomiting, gait ataxia, Horner sign, dysphagia, hoarseness and spinothalamic sensory symptoms/signs.
Three patients did not undergo MRI, in two of them due to their poor clinical condition. In the remaining 219 patients, axial T 2 [(TR/TE) repetition time/echo time 2500 ms/80 ms], proton density and gadolinium-enhanced T 1 -weighted scans were performed in a horizontal plane at 3 mm intervals from the medulla to the midbrain. A sagittal T 1 -weighted image was also obtained. We excluded the following 89 patients: (i) 51 who had concomitant infarction outside of the medulla (middle cerebral artery territory in one, the pons in ®ve, the medial medulla in three and the cerebellum in 42); (ii) 11 in whom MRI lesions were not visualized; and (iii) 25 who were examined by us >7 days after the onset of symptoms. In the remaining patients, 17 had experienced previous strokes (n = 13) or transient ischaemic attacks (n = 4). Among them, two patients who had residual gait ataxia and sensory symptoms, respectively, were excluded as symptomatic interpretation of the patients was dif®cult. However, three with minor residual hemiparesis and one with visual ®eld defect were included. Thus, 130 patients became the subject of this study. The majority of them were seen within 3 days after the onset. All the patients were examined by the author himself, with speci®c signs and symptoms of LMI recorded prospectively, except for seven in whom a retrospective chart review was carried out.
The mode of onset was categorized as sudden and nonsudden. Non-sudden onset was de®ned as stepwise or progressive development of symptoms/signs for longer than 1 day. Among the symptoms/signs of LMI, vertigo was de®ned as a whirling, rotational sensation of the self or environment. Nystagmus was considered to be present only when it was seen on forward gaze. Dysphagia was designated as`severe' when patients required a naso-gastric tube for feeding and`mild' when they had dif®culty in feeding without requiring the tube. Gait ataxia was designated as severe' when the patient was unable to stand or walk alone (Kim et al., 1994) .
Risk factors for stroke such as hypertension, diabetes mellitus, current cigarette smoking and heart disease were recorded. An electrocardiogram was performed in all patients, and those who were <50 years of age or without conventional vascular risk factors underwent transthoracic and transoesophagal echocardiograms. One hundred and twenty-three patients (95%) underwent angiography (conventional angiogram in 52, MR angiogram in 71).
The patients' MRI ®ndings (T 2 -weighted axial image) were assessed retrospectively and classi®ed by two neurologists who were blinded to the clinical information. Rostrocaudally, the lesions were categorized as: the rostral medulla characterized by massive bulging of the dorso-lateral area due to the restiform body; the middle medulla by bulging of the lateral surface due to the inferior olive; and the caudal medulla by a relatively round shape without bulging of the lateral surface (Kim et al., 1994) . Horizontally, the lesions were classi®ed with a slight modi®cation of previous publications (Currier et al., 1961; Kim et al., 1994; Vuilleumier et al., 1995) . Diagonal band-shaped lesions sparing the most dorsolateral portion were the most common and were therefore designated as`typical type'. Similarly shaped, but more ventrally situated lesions involving some portion of the inferior olive and sparing relatively large portions of the dorsolateral area were classi®ed as`ventral' type. Large lesions extending ventrally so as to involve some portion of the olivary nucleus and dorsally to involve most (or all) of the dorsolateral area were classi®ed as`large type'. Lesions restricted to the most dorsal or dorsolateral portion were classi®ed as`dorsal type'. Some lesions, usually at the caudal medulla, were restricted to the lateral, super®cial area without extending dorsally and were classi®ed as`lateral type' (Fig. 1) . Other lesions not classi®able were designated as`unclassi®able type'.
For this article, we arbitrarily de®ned the aetiopathogenesis with a slight modi®cation of previous criteria (Kim et al., 1998) : (i) Dissection: patients with (a) an obvious history of recent (within 1 week) head/neck trauma or sudden neck rotation (chiropractic manipulation, golf practicing, yoga, etc.); (b) concurrent neck or occipital pain; (c) no evidence of atherosclerotic vascular changes on angiogram; and (d) angiogram ®ndings consistent with dissection: fusiform aneurysm, double lumen sign or an elongated, tapered stenosis/occlusion (Shimoji et al., 1984; Yamaura et al., 1990) 
Results

Demographic features and risk factors
There were 90 men and 40 women, aged from 28 to 84 years (mean 57 T 11.9 years). Risk factors included hypertension in 83 (64%), diabetes mellitus in 32 (25%), current cigarette smoking in 32 (25%) and atrial ®brillation in six (5%). Six patients had a past history of coronary heart disease. Two patients underwent radiation therapy on the neck for a laryngeal cancer, 4 and 5 years before, respectively. One had concurrent hyperthyroidism and one had a history of active migraine that occurred at the time of stroke. Fifteen patients did not have any conventional risk factors.
Clinical ®ndings
The patients' neurological symptoms/signs are summarized in Table 1 . The onset was sudden in 97 patients (75%) and non-sudden in 40 (25%) patients. Among the patients with non-sudden onset, the ®rst symptoms/signs were usually headache, vertigo, dizziness or gait ataxia, whereas sensory symptoms/signs, dysphagia, hoarseness and hiccups tended to occur later. The patients' symptoms/signs were divided into very common (~90%), moderately common (50±70%) and less common (`40%). Very common symptoms/signs included sensory symptoms/signs, gait ataxia, dizziness and Horner sign. Sensory symptoms/signs were the most frequent manifestation, occurring in 125 patients (96%). The patterns included ipsilateral trigeminal±contralateral limb/body (ipsilateral trigeminal pattern) in 34 (26%), contralateral trigeminal±contralateral limb/body (contralateral trigeminal pattern) in 32 (25%), bilateral trigeminal±contralateral limb/ body (bilateral trigeminal pattern) in 18 (14%), limb/body involvement without trigeminal involvement (isolated limb/ body pattern) in 27 (21%) and trigeminal involvement without limb/body involvement (isolated trigeminal pattern) in 13 (10%). Sensory gradient or level was observed in 28 patients (22%); symptoms were more severe in the lower extremities in 20, and more severe in the upper extremities in eight patients. Although selective impairment of spinothalamic sensory modality (pinprick and temperature) was usual, 15 patients (12%) also had decreased vibration sense in the hypalgic areas, usually to a mild degree. In ®ve patients (4%), sensory symptoms/signs were not present.
Moderately common symptoms/signs included dysphagia, hoarseness, vertigo, nystagmus, limb ataxia, nausea/vomiting and headache. Forty percent of the patients required a nasogastric tube. The nystagmus was horizontal or horizontal± rotational, to the side opposite to the lesions, and usually became more prominent on looking downward. Headaches generally started in the beginning or a few days before the onset of other symptoms/signs and subsided in several days or weeks. They occurred most often in the ipsilateral occipital area, followed by the frontal region. They were described as dull in 49, aching in nine, throbbing in eight, and paroxysmal in one patient. The degree of severity was mild in 32, moderate in 27 and severe in eight patients. Less common symptoms/signs included skew deviation, diplopia, dysarthria, facial paresis and gaze deviation. During the clinical course, seven (5%) patients developed respiratory dif®culties along with aspiration pneumonia. One of them died in the acute stage.
To elucidate closely related symptoms/signs, c 2 tests were performed on each pair of symptoms/signs of LMI, except for very frequent ones (dizziness, gait ataxia, Horner sign and sensory symptoms). The results are summarized in Table 2 . Among diverse symptoms/signs of LMI, vertigo, diplopia, nystagmus, skew deviation, nausea/vomiting and severe gait ataxia tended to co-occur, whereas dysphagia, hoarseness, dysarthria and hiccups tendeds to occur simultaneously in one patient. Limb ataxia and headache were not related to any of the symptoms/signs.
Classi®cation of LMI according to MRI ®ndings
MRI showed that the medullary lesions were located in the right in 72 and in the left in 58 patients. Rostro-caudally, they were located in the rostral medulla only in 21, middle medulla only in 26, and caudal medulla only in 27 patients. Fourteen patients had lesions in the rostral + middle medulla, 31 had lesions in the middle + caudal medulla, and 11 had lesions in the rostral + middle + caudal medulla. Thus, rostro-caudally, the lesions were categorized as 197 lesions (46 rostral, 82 middle and 69 caudal lesions).
Horizontally, the lesions were classi®ed as de®ned above. One patient had a caudal lesion presenting with two MRI cuts with different types, typical and lateral. Therefore, 198 horizontal subtypes were ®nally identi®ed, which are summarized in Table 3 . Four patients were considered unclassi®able: one had a small central lesion, one had fragmentary lesions and two had lesions with unclear margins. The distribution of horizontal subtypes was signi®-cantly (P < 0.001) different among three rostro-caudal levels; rostral lesions tended to be ventral or dorsal type, middle lesions of typical or large type, while caudal lesions tended to be of lateral type (Fig. 2) .
Clinical±MRI correlation Rostral±caudal correlation
For clinical±topographical correlation, we re-de®ned à rostral group' as the sum of the patients with lesions at the rostral medulla and those having lesions at both the rostral and middle medulla. The`caudal group' was de®ned as the sum of the patients with lesions at the caudal medulla and those with lesions at both the middle and caudal medulla. The differences in clinical presentations between the rostral and caudal group patients are summarized in Table 1 . Rostral group patients had dysphagia, dysarthria, facial paresis and a bilateral trigeminal sensory pattern signi®cantly more often. They had severe gait ataxia, headache, isolated limb/body sensory pattern and sensory gradient worse in the leg than in the arm signi®cantly less often than caudal group patients. 
Horizontal correlation
Some of the patients had lesions at more than one rostrocaudal level, with different horizontal subtypes at each level. These patients were excluded for further analysis: for instance, those having a typical type lesion in the middle medulla and a ventral type lesion in the rostral medulla. However, a patient was designated as having a`large' type lesion if they had a large type lesion in any level of medulla regardless of the types shown at other rostro-caudal levels. The differences in clinical manifestations among different horizontal subtypes are presented in Table 4 . The frequencies of dysphagia, dysarthria, Horner sign and bilateral trigeminal sensory pattern were signi®cantly different among horizontal subtypes; patients with`large type' lesions tended to have frequent dysphagia, hoarseness, dysarthria and bilateral trigeminal sensory pattern, whereas these symptoms were uncommon in those with lateral lesions. Horner sign tended to be uncommon in patients with dorsal lesions.
Patients with rostral group lesions had dysphagia more often, and those with lateral type less often than those with caudal group lesions. Therefore, I used the data to elucidate whether this difference in the frequency of dysphagia is related to rostral±caudal or horizontal differences. I found that only one (8%) of the patients with caudal lesions with either large (n = 2) or typical (n = 10) types had severe dysphagia, whereas this symptom occurred in all the patients with rostral lesions with either large (n = 5) or typical (n = 6) types. The difference was statistically signi®cant (P < 0.01), suggesting that the frequency of severe dysphagia is related to rostro-caudal rather than horizontal differences.
Angiographic ®ndings and presumed aetiopathogenesis
Among the 123 patients in whom an angiogram was performed, the results were abnormal in 95 (77%). There were 83 patients (67%) with vertebral artery (VA) disease and 12 (10%) with isolated posterior inferior cerebellar artery (PICA) disease. Among the patients with VA disease, 33 had distal VA disease (occlusion 23, stenosis 21), 34 had whole VA disease (occlusion 24, stenosis 10), while ®ve had proximal VA disease with intact distal VA. Among the patients with isolated PICA disease, ®ve had occlusion and seven had stenosis. The presumed pathogenic mechanisms of infarction were large vessel infarction in 65 (50%); arterial dissection in 20 (15%); small vessel infarction in 17 (13%); cardiac embolism in seven (5%); moya-moya disease in one; and unknown in 20 (15%) patients. They were signi®cantly different between patients with rostral group lesions and those with caudal group lesions (Table 1) . I attempted to see whether there were rostro-caudal or horizontal differences among the frequency of angiographic vascular lesions (PICA disease, distal VA disease, whole VA disease, normal angiogram ®ndings). I found that patients with PICA disease had typical lesions more often (versus non-typical lesions, P < 0.05) and that those with normal angiographic ®ndings had dorsal type lesions more often (versus non-dorsal type lesions, P < 0.05). Patients with presumed dissection were found to have caudal group lesions more often (versus rostral group lesions, P < 0.01) and dorsal type lesions less often (versus non-dorsal type lesions, P < 0.01). Patients with cardiogenic embolism and those with normal angiographic ®ndings were found more often to have dorsal type lesions (versus non-dorsal type lesions, P < 0.05 for each). Patients with isolated PICA disease (versus VA disease) were found to have cardiogenic embolism more often (P < 0.05) and dissection less often (P < 0.01).
Discussion
This is the largest collection of LMIs documented by MRI. Although the symptoms/signs of the patients were comparable with previous studies, the frequency of each symptom/ sign was generally higher than in previous studies using MRI (Sacco et al., 1993) . This may be partly because we excluded the chronic patients and partly because most of the patients were evaluated prospectively by the author himself, thus minimizing missing values. Exceptions were the frequencies of limb ataxia and dysarthria, which were lower than those reported in previous studies (Norrving and Cronqvist, 1991; Sacco et al., 1993) . This seems to be related to the exclusion of patients with cerebellar infarction. According to my unpublished data, LMI patients with concomitant cerebellar involvement had dysarthia and limb ataxia more often than those without, probably because these symptoms are related to cerebellar lesions.
Symptoms such as vertigo, skew deviation, nausea/ vomiting, diplopia and severe gait ataxia were closely related, suggesting that these are all caused by an involvement of the vestibular nuclei or vestibular±cerebellar connections (Currier et al., 1961; Grant, 1966; Dieterich and Brandt, 1992) . On the other hand, patients with dysphagia had hoarseness and dysarthria signi®cantly more often than those without, illustrating that these symptoms are related to involvement of the nucleus ambiguus (Currier et al., 1961) . Although the neural substrate for hiccups remains unknown, our data showed that it was closely associated with hoarseness or dysphagia, suggesting that involvement of the nucleus ambiguus or adjacent areas regulating respiration may be responsible for the generation of hiccups. A previous study (Currier et al., 1961) also reported that hiccups were common in patients with abnormal muscle functions innervated by the nucleus ambiguus.
In the present study, I attempted to classify the LMI lesions according to MRI ®ndings, rostro-caudally and horizontally. Although similar trials have been carried out previously, the number of the patients was too small for statistical analysis (Kim et al., 1994; Vuilleumier et al., 1995) , and rostro-caudal differences were not considered (Currier et al., 1961; Vuilleumier et al., 1995) . The horizontally classi®ed types in this study included typical, ventral, large, lateral and dorsal, which correspond to`typical',`ventral',`dorsal± ventral',`super®cial' and`dorsal' lesions of Currier et al. Data are expressed as number (%).Where no P value is given, there is no signi®cant difference.
(1961), and to`dorsolateral',`mid-lateral',`large inferodorsolateral',`inferolateral' and`dorsal' infarcts of Vuilleumier et al. (1995) , respectively. Consistent with previous studies (Kim et al., 1994; Vuilleumier et al., 1995) , rostral lesions tended to have ventral subtypes while caudal lesions were usually of lateral type. The horizontal subtype differences according to rostro-caudal levels may be related to the anatomical course of the VA: a pair of vertebral arteries located adjacent to the lateral surface of the caudal medulla ascend ventrorostrally to fuse into the basilar artery at the ponto-medullary junction. There were symptomatic differences between patients with rostral lesions and those with caudal lesions, illustrating that rostro-caudal differences must be considered in the clinical± MRI correlation. In patients with caudal infarcts, the less frequent presence of a bilateral trigeminal sensory pattern, and more frequent isolated limb/body sensory pattern and sensory gradient worse in the leg than those with rostral lesions, are probably related to the fact that the lesions are usually situated lateral-super®cially in the former group. Thus, the lesions may easily spare the trigeminal sensory ®bres and tend selectively to involve the outer part of the sensory lammellation where sensations from the leg are represented (Matsumoto et al., 1988; Kim et al., 1997) (Fig. 1) .
The more frequent occurrence of dysphagia and dysarthria in rostral group patients than in caudal group patients was a ®nding consistent with previous studies (Kim et al., 1994 (Kim et al., , 2000 . This may be caused by the fact that the caudal lesions usually do not extend deeply enough to involve the nucleus ambiguus. Indeed, patients with large type lesions were found to have frequent dysphagia and hoarseness compared with those with lateral type lesions. However, this was an unlikely explanation because the patients with caudal lesions of typical or large types rarely developed severe dysphagia. Thus, the rostro-caudal difference in the frequency of dysphagia seems to be explained by the anatomical characteristics, i.e. the caudal area of the nucleus ambiguus is not directly related to pharyngeal muscles (Grant, 1966; Carpenter and Sutin, 1983) .
However, although hoarseness was closely related to dysphagia, it was not more frequent in patients with rostral than those with caudal lesions. Facial palsy, usually mild, may be caused by involvement of either the facial nerve fascicles (Fisher and Tapia, 1987) or aberrant, looping corticobulbar ®bres (Kuypers, 1958) . Considering our data, these structures seem to be more easily involved in rostral than caudal lesions. On the other hand, headache was more common in patients with caudal infarcts than those with rostral lesions. Because headache was not related to any symptoms/signs of LMI, it is unlikely to be caused by an involvement of a particular region of the medulla. Rather, this observation appears to be related to the fact that dissection was more common in patients with caudal group lesions than those with rostral lesions.
Although statistical signi®cance was reached only for a bilateral trigeminal pattern, horizontal classi®cation seems to be related to sensory patterns: typical lesion±ipsilateral trigeminal, large lesion±bilateral trigeminal, ventral lesion± contralateral trigeminal, lateral lesion±isolated limb/body and sensory gradient worse in the leg, and dorsal lesion±isolated trigeminal patterns (Table 4 ). This should be related to anatomical characteristics of the medulla: the spinothalamic tract located most lateral-super®cially, ascending secondary trigeminal tract medially and descending trigeminal tract posteriorly (Kim et al., 1997) (Fig. 1) .
We performed angiograms in 95% of the patients, and found that VA disease (67%) was much more frequent than isolated PICA disease (10%). However, an interpretation of the results should be made with caution because more than half of our patients were evaluated by MR angiography, which is less effective in the evaluation of the PICA than conventional angiography. Therefore, the prevalence of isolated PICA disease may have been underestimated. In addition, the degree of stenosis was not assessed precisely in our study. Despite these limitations, the frequency of vascular lesions shown was similar to those reported previously. Norrving and Cronqvist (1991) reported the occurrence of VA disease in 72% and PICA disease in 9%, while Sacco et al. (1993) reported that 73% of the LMI patients had angiographic/sonographic evidence of VA disease. Fisher et al. (1961) summarized pathological results of 42 autopsy-proven LMI patients, and found 27 (64%) had VA disease (including VA + PICA disease) and six (14%) had PICA diseases.
Although large vessel infarction (50%) was the most frequent cause of stroke, dissection (15%) was relatively common in our study. The frequency was similar to a recent series from Switzerland (14%) (Vuilleumier et al, 1995) , and lower than the results of Sacco et al. (1993) where ®ve out of 15 patients (33%) who underwent angiogram had evidence of vascular dissection. However, the prevalence of dissection cannot be made with certainty unless typical angiographic ®ndings are presented, which actually are a rare occurrence in patients with clinically suspected dissection (Houser et al., 1984) . The uncommon occurrence of cardiogenic embolism (5%) compared with other series (Vuilleumier et al., 1995) may be caused partly by our exclusion of patients with concomitant cerebellar infarction and partly by ethnic differences. In Korea, cardiogenic embolism is a cause of stroke in only 7% of the stroke population (Korean Neurological Association, 1993) .
As expected, isolated PICA occlusion/stenosis was related more frequently to cardiogenic embolism and less often to dissection than other stroke mechanisms. Dissection was seen more often in patients with caudal than rostral lesions, possibly because it usually occurs at C1, C2 levels below the branching of the PICA (Schievink et al., 1994) . Although a dorsal part of the medulla has been considered to be supplied solely by the PICA (Durvernoy, 1978; Amarenco and Hauw, 1989; Tatu et al., 1996) , none of the patients with dorsal type lesions had isolated PICA disease. However, patients with dorsal type lesions had normal angiogram ®ndings and emboligenic heart diseases more often than those with other types of lesions, suggesting that the occluded medullary branch of the PICA from a cardiac embolism may have been recanalized or undetected by anogiogram studies. A previous study also reported that dorsal type lesions were related to cardiogenic embolism (Vuilleumier et al., 1995) . Aside from the observation that isolated PICA disease was associated more often with typical type lesions, the result of a vascular lesion±MRI topography correlation study was generally negative and does not provide an answer as to how the heterogeneous morphology of the LMI lesions is produced. A previous study using a conventional angiogram (Kim et al., 1998) suggested that the morphology of the MRI lesions is related to the rostro-caudal differences in vascular lesions, the speed of vascular disease progression and the degree of collateralization in the setting of extremely variable VA and PICA branches (Gillilan, 1964) .
Regarding the prognosis, patients with large, rostral lesions tended to have severe dysphagia, aspiration pneumonia and prolonged admission. Nevertheless, our patients had an excellent prognosis, in that only one (0.8%) died during hospitalization. In the literature, the hospital mortality of LMI patients ranges from 2.9 to 11.6% (Lewis et al., 1952; Peterman and Siekert, 1960; Norrving and Cronqvist, 1991) . Aside from improved respiratory care, the reason for the good prognosis in our results may be explained in several ways. First, we excluded patients with concomitant strokes outside the medulla, who were likely to have a poorer prognosis than those with small infarcts restricted to the medulla. Secondly, we excluded three patients who did not undergo MRI, two of them due to poor clinical condition. One of the two died in the acute stage. Finally, in our MRI-based study, patients with very small lesions showing fragmentary symptoms were included. These patients with an extremely benign clinical course would not have been included in previous studies where a diagnosis was dependent on clinical criteria only.
